. This indicated high crystallinity of the WO 3 crystal structure.
In the left section, the peak at 268 cm −1 was assigned to the W 6+ state. 1 When the reduction temperature was 300 °C, the Raman spectrum of the obtained WO x NPs showed similar peaks with those in the spectrum of the WO 3 NPs, but with lower peak intensity, especially for the peak at 167 cm −1 . The weakening of the O-W-O bonding vibration in the spectrum of the WO x (300 °C) NPs indicated the presence of oxygen vacancies, which affected the angle between the W and O atoms. 1 In the spectrum of WO x (425 °C) NPs, the two peaks in the left section were hardly observed. This indicated that the number of oxygen vacancies within the crystal structure was higher than in WO x NPs synthesized at lower temperatures. A similar result was obtained when the reduction temperature was further increased to 500 °C.
In the right section, the W-O stretching vibration was influenced by the change in bond length. Figure S2 shows that the Raman spectrum of the WO 3 NPs had the strongest peaks of O-W-O stretching vibrations among the samples. Similar spectra were obtained for WO x NPs reduced at 300 and 500 °C. These results were consistent with the XRD patterns in Figure   S2 , in which WO x (300 °C) NPs and WO x (500 °C) NPs both mainly consisted of the WO 3 monoclinic structure. The Raman spectrum of the WO x (425 °C) NPs had the weakest peak intensities for the O-W-O stretching vibration. This indicated that the presence of oxygen vacancies resulted in a change in bond length between the W and O atoms. The small peak at −1 was assigned to the presence of W=O groups. 1 This small peak weakened and disappeared when the reduction temperature was increased to 425 °C.
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S5
The band gap value for every sample was obtained by using a common method called The value of ݊ depends on the nature of the transition for electrons moving from the valence band to the conduction band. It is equal to ½ and 2 for direct and indirect allowed transition, whereas it is 3/2 and 3 for direct and indirect forbidden transition, respectively.
The following calculation is an example using the results of the diffuse reflectance measurement for the WO 3 nanoparticles. From the obtained diffuse reflectance spectrum, as shown in Figure S4 , a function of reflectance (‫ܨ‬ሺܴሻ) is calculated based on the following Kubelka-Munk equation 6 :
This ‫ܨ‬ሺܴሻ constant can be substituted to Equation (S1) replacing the ߙ coefficient so that it can be written as:
For tungsten oxide, the nature of electron movement from the valence band to the conduction band is indirect allowed transition. Therefore, a value of 2 is used for the ݊ constant. The value of ℎߥ is calculated based on the following equation:
where ߣ is the irradiated light wavelength used in the diffuse reflectance measurement, as shown in Figure S4 . 
S7
The summary of diffuse reflectance spectra and Tauc plots for the WO 3 and WO x NPs is shown in Figure S6 . When the WO 3 NPs were reduced at 300 °C, the amount of oxygen vacancies was low. However, their absorption was increased across the entire measurement window compared with the WO 3 NPs, as shown in Figure S6(a) . When the WO 3 NPs were reduced at 400-500 °C, a significant improvement in the absorption of the WO x NPs at long wavelengths was observed in Figure S6 From the calculated band gap values, valence and conduction band energies were estimated for WO 3 7 , WO x (425 °C), and WO x (500 °C) NPs, which can be seen in Figure S7 .
From Figure S7 , it can be concluded that the electrons in the conductions bands of each sample are able to reduce O 2 to H 2 O 2 , which then captures electrons to generate OH•.
Furthermore, the hole in the valence bands of each sample are able to oxidize OH -and H 2 O to OH•. The generated hydroxyl radicals then degrade the RhB molecules following the advanced oxidation processes (AOPs). A proposed schematic illustration of RhB degradation mechanism over the WO x NPs is shown in Figure S8 . 
